Spontaneous intracranial hypotension is a rare condition caused by a spontaneous cerebrospinal fluid (CSF) leak; it is often misdiagnosed or underdiagnosed 1 .
Clinical suspicion of spontaneous intracranial hypotension syndrome (SIH) is suggested by a history of daily headaches that occur shortly after assuming an upright position and are relieved by lying down. The International Headache Society classification of headaches includes headache attributed to spontaneous low CSF pressure as well as secondary headaches 2 . A 2006 literature review 1 estimated the annual incidence of SIH to be five per 100,000, with women affected more frequently than men in a ratio of 2:1, and noted the presentation is typically in the fourth or fifth decade, peaking at approximately 40 years.
Orthostatic headache is the prototypical manifestation of SIH but various other headache syndromes have also been reported, for example migrainous, tension and non-specific headaches 3 . The onset of the headache in SIH is usually gradual with some patients having a history of migraine, however other patients report an acute onset ('thunderclap headache'). In about one-third of cases a possible trigger of spinal trauma 4 , usually physical exertion or minor injury, is followed by sudden back pain. In cases diagnosed late, the headache may be associated with neurological symptoms due to downward displacement of the brain: these include visual field defects, blurring or diplopia; dysgeusia; facial numbness, pain, weakness or spasm; and stupor and coma 5 . A purely conservative approach to management consists of bed rest, oral hydration, generous caffeine intake and steroid therapy, but autologous epidural blood patch (EBP) has emerged as the most important non-surgical management [6] [7] [8] .
We describe a series of seven patients with SIH initially treated conservatively, including three for whom initial non-invasive treatment failed, leading to treatment with lumbar EBP.
CASE REPORTS
Seven patients were admitted between January 2005 and 2010 to the neurological clinic of a university hospital because of persistent headache (Table 1) . Each patient consented to publication.
Three patients described a history of trauma. Five patients had experienced an orthostatic headache of one to two months duration. In the remaining two cases, the diagnosis was suggested by findings on magnetic resonance imaging (MRI). A man who had SuMMARy Spontaneous intracranial hypotension is a rare condition caused by spontaneous cerebrospinal fluid leak. It is characterised by orthostatic headache, diffuse pachymeningeal enhancement on brain imaging and low cerebrospinal fluid pressure.
Seven patients with spontaneous intracranial hypotension were treated conservatively: of these, four responded to drug treatment and three underwent a lumbar autologous epidural blood patch (EBP). A complete response was obtained in two patients after a single EBP; one patient underwent a second EBP and then became asymptomatic. Clinical improvement coincided with a dramatic reduction of pachymeningeal enhancement. The aetiology and brain imaging findings, and the technique and effectiveness of EBP are discussed. a long duration of illness developed an orthostatic headache followed by depression, with symptoms of apathy, anhedonia, poor concentration and irritability, for which he had been treated with antidepressant therapy without effect. This patient required a second EBP after a partial improvement from the first EBP. One patient with a history of migraine developed a constant headache that was unresponsive to analgesic drugs.
In all cases, initial conservative treatment consisted of bed rest for several hours during the day, oral and/ or parenteral hydration and oral prednisone (25 mg/ day) for ten days followed by gradual withdrawal. In patients for whom conservative treatment was ineffective, EBP was performed by an anaesthetist (F. Ferraro). Prior to considering an EBP, a negative history for sepsis and coagulopathy was required. The EBP was performed in the operating room, with the patient alert and in a sitting position. Patients were premedicated with atropine 0.01 mg/kg and midazolam 1 mg. Electrocardiograph, non-invasive blood pressure and oxygen saturation were monitored throughout the procedure. Preferably the L3-L4 epidural space was located with a 17-gauge Tuohy needle using loss-of-resistance to air. A total of 20-30 ml of blood was taken from an antecubital vein under aseptic conditions and injected slowly until one of the following endpoints was reached: a complaint of back or neck pain, radicular pain in the leg or worsening headache. After the procedure, the patient was maintained in a 30° Trendelenburg position for two hours with the intention of favouring the spread of blood from the lumbar to the cervical epidural space.
The residual blood was sent to the laboratory for bacterial culture.
Of the three patients who underwent lumbar EBP, two had immediate relief of symptoms and returned to normal activities within two to eight weeks. One patient who did not respond adequately to the first EBP underwent a second EBP and became asymptomatic. No recurrences were observed during followup ( Table 2) . Clinical improvement was confirmed by normalisation of imaging, especially brain MRI, with a dramatic reduction of pachymeningeal enhancement (images from the first patient, before and after EBP, are shown in Figures 1 and 2 )
DISCuSSION
The precise cause of spontaneous CSF leak is largely unknown. A history of a minor traumatic event preceding the onset of symptoms can be elicited in about one-third of patients, suggesting a role for mechanical factors 9 . Other proposed causes include rupture of congenital subarachnoid (Tarlov) cysts 4 or rupture of diverticula of the spinal nerve root sleeves. Less frequently, spontaneous intracranial hypotension occurs in a well-characterised connective tissue disorder such as Marfan's syndrome, Ehlers-Danlos type II disease or autosomal dominant polycystic kidney disease 10 .
The site of leakage can sometimes be detected by imaging techniques such as computed tomography myelography, radionuclide cisternography or spinal MRI. The characteristic findings in a brain MRI, present in approximately 70% of patients, are subdural fluid collections, enhancement of the pachy meninges, engorgement of venous structures, pituitary hyperaemia and sagging of the brain 11 . If the brain MRI is normal but typical symptoms are present, a confirmatory diagnosis can be based on low CSF opening pressure (<6 cmH 2 O) noted at lumbar puncture, the presence of spinal meningeal diverticula on MRI of the spine or resolution of symptoms within 72 hours of an EBP. Postural headache has been reported by more than 30% of patients after lumbar puncture 12 and is likely sustained by similar mechanisms to those of SIH such that brain MRI findings overlap 13 . However, brain MRI is usually not necessary if there is a post lumbar puncture headache, being indicated only when headache is accompanied by abducens nerve palsy, lumbar radiculopathy or diagnostic confusion as a result of neck stiffness. The therapeutic effect of EBP is probably due to correction of low CSF pressure by blood injected into the spinal canal and a latent effect of sealing the leak by a fibrin clot.
We avoided the practice of lumbar puncture and computed tomography myelography, but performed EBP in the lumbar region because evidence supports this as an effective procedure in cases where the clinical manifestations and brain MRI are typical of SIH.
Loss-of-resistance using air, isotonic saline or a combination of both is the simplest and safest technique, although air causes more complications, including pneumocephalus 14 . Although pneumocephalus is a recognised complication of anaesthesia, it has rarely been reported after EBP [15] [16] [17] and is typically a painful but self-limiting condition that resolves after spontaneous absorption of air. Some cases after EBP report that the epidural needle was correctly located within the epidural space 15, 16 , so it has been speculated that while the operator is collecting venous blood, the dural rent from an earlier unintentional dural puncture allows air to pass to the subarachnoid space, because of negative intrathoracic pressure during inspiration, which reduces epidural pressure to subatmospheric. In such cases, a sharp-bevel Quincke needle had been used for the procedure, but we prefer to use a non-coring Tuohy needle which is less likely to perforate the dura. Our use of loss-of-resistance to air is due to the operator's experience and preference for that method. Performing the EBP while the patient is sitting is associated with a higher pressure in the lumbar region, which theoretically might hinder transfer of air intrathecally 18 .
The success rate of EBP for SIH is estimated to be 70% (range 33-90%). 'Blind' EBP performed in the lumbar region appears to be as effective as 'targeted' EBP, so performing the initial EBP near the leak site appears unnecessary 19 . Targeted EBP outside the low thoracic/lumbar region or even surgical therapy could be considered if two or three lumbar EBPs using an adequate volume of blood have failed, but this was not necessary in any of our patients.
Among our seven patients, four responded to conservative treatment and three non-responders underwent a lumbar EBP. Conservative treatment appears worthwhile in SIH but is only supported by anecdotal reports and is usually continued for two to three weeks, after which it is tapered if it proves to be effective or alternatively an EBP is used 20 .
Our small case series supports treatment of selected cases of SIH who do not respond to expectant management with a lumbar EBP. In cases of partial effectiveness of the first EBP or relapse, a repeat procedure may produce a therapeutic effect.
